I. Progress
During this last decade, neutrino-physics has evolved from its crude beginnings into a highly quantitative branch of particle physics. And during this decade, particle-physics itself has developed extremely rapidly and fruitfully into a state which is far reaching, surprisingly rigid, and broadly accepted.
In fact it is only in about the last five years that the concepts central to the present orthodoxy really took hold and began to dominate our picture of particle interactions.
All the concepts were actually in place in 1974, even before the November Revolution. Provided one's copy of the 1974 London Conference has not completely disintegrated, one need only refer back to John Iliopoulos' talk therel) to find a remarkably complete exposition of the contemporary orthodoxy.
And by this I mean the whole works:
grand unified SU(5) and almost all its ramifications.
In the interim this nascent orthodoxy was sorely tested.
Even after the discovery of the $J there ensued two years delay and confusion in the firm establishment of the charm quantum-number.
There were the problems of the high-y anomaly and v-induced trileptons, the perplexing role of the r-lepton, the u + ey rumors, confusion in the atomic-physics neutralcurrent experiments, and the shift in the value of sin28W from -0.3-O-4 to -0.2.
These perturbations on the orthodoxy have provided us with a measure of the elastic constant of the basic gauge structure. It has been found that the elastic constant is quite low: given a new phenomenon, a gaugetheory (or more often many gauge theories) can be found which accounts for the purported effect.
In addition one has found that this gauge-theory structure is not only elastic and "soft" but is critically damped; upon removal of such external stimuli the theory quickly returns to the equilibrium orthodox state, with a minimum of reverberations.
We have now reached a quiet time.
Other than some residual confusion among the atomic parity-violation experiments, the smallest feasible gaugetheory-structure CSU(2) 0 U(1) for electro-weak, SU(3) for strong, and SU(5) for grand unification] accounts very well for the observations2 to the relation mW/mz = c0s.6~ limit the mass-differences between members of weak doublets to less than a few hundred GeV. More generations also tend to mess up the "standard" SU(5) grand-unification scenario; three is preferred8). Nevertheless a fourth generation is a possibility. My own favorite wild guess 9) for the fourth-generation masses is shown in Fig. 1 The familiar right-left symmetric models Q U(l)N 12) based on SU(2)L @ SU(2)R can be made a special case of the above scheme. They also emerge from grand unification based on SO (10) . A most characteristic feature of such schemes is that parity-conservation is intrinsic; parity-violation is included by spontaneous symmetry breaking. Neutrinos are now four-component objects, and there is no particular reason why they shouldn't have mass and mix.
Thus in this case neutrino-oscillations are a credible phenomenon.
On the other hand, theory is hard put to explain why such a neutrino mass, while nonvanishing, is so tiny. This may seem like a radical perturbation on the orthodoxy, but it need not be so17).
If we give the octet of QCD gluons a small mass (say, via the Higgs-mechanism) the short-distance properties of the theory (including the option of grand unification and all that) should remain unchanged -and the theory should still exist. What in the theory changes? There could exist real quarks (and perhaps gluons) of large mass and lare size; as the gluon mass tends to zero the mass and size of the unconfined quark should tend to infinity.
It is a challenge for QCD theorists to estimate an upper bound on the bare-gluon-mass which is consistent with data.
(My own guess is 5 20 MeV.)
How to search for such real quarks is an uncertain business. Production cross sections are utterly unknown, as are the interaction of unconfined quarks in matter.
The most stable fractionally charged hadron might even have large baryon number, and in any event an unconfined quark may accrete nucleons at it traverses matter18).
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No Fractionally-Charged Quark Model At All
The leading alternative to fractionally-charged constituents is a gauged version of the Han-Nambu three-triplet modellg). This has been most consistent1 pursued by Pati and Salam20). had difficulty21y
The Pati-Salam scheme has with the nonobservability of a predicted E-boson which mixes with the photon.
If overt colored particules exist in the charm region, the U should have a mass less than 4 GeV and a large leptonic width.
Pati and Salam hsve recently pushed the scale of any overt color higher; the mass of the U is now asserted to be over 7 GeV. The mechanism invoked22) appears to have considerable resemblance to that of deRujula, Giles and Jaffe23).
One might expect that as the threshold for production of physical colored states is pushed to infinity, the model reverts to the standard fractionally charged quark model. This is true in any process involving a single gauge boson. When two (or more) are simultaneously involved, there are differences.
The most accessible tests24) seem to be using the decays n -t yy and n' -t yy.
The predicted differences between integer and fractionally charged sources are typically a factor -2. Data25) supports fractional charge; however ambiguity in the strong-interaction parts of the problem still leaves the test less than decisive26).
We may also note that it is not clear how to fit the T lepton and b quark into the Pati-Salam scheme. It would have been easier were the number of quark flavors to have stopped at 4.
III. Composite Degrees of Freedom and Other Heresies
The These pseudogoldstone bosons also-induce proton decay and have to be made superheavy.
There is a potential problem in finding a mechanism for giving them a very big mass while at the same keeping mW and mZ with very small mass31).
(e) Despite many ingenious and partially successful attempts, Cabibbo mixings and the hierarchy of fermion masses (e.g., the large value of q/m, hf 3000 or mt/mu > 2000) are in the main unexplained.
To cope with these problems, it is an attractive -some 29) would say compelling -idea to make the Higgs-bosons composites of fermion-antifermion pairs, bound together by a new kind of strong interaction -hopefully some other nonabelian gauge theory. This is an old hope32), and it has recently undergone revival and rejuvenation, with considerable progress made33).
The main problem (if it is one) is that it seems hard to account for the rich structure in the fermion mass-matrix without introducing a rather ponderous, extravagant set of new gauge-groups and fermion representations.
Ockham is not well served.
The main experimental implication of this approach is that the Higgssector contains a new class of strong interactions and attendant strongly interacting quanta. The natural setting is a TeV mass-scale (and above). Entry into such a world would require multi-TeV colliding beams -probably PP or PP. But it is a problem whether the ordinary quarks and gluons which predominate in p and 5 beams are coupled to this new sector strongly enough -and with some clean identifiable signature -that this sector can be discovered, even if it is there14).
Were the aforementioned lOO-200 GeV superheavy quarks to exist, it might make the problem easier. However, the idea falters when one tries to find parameters which give sin20 if N 0.2. The reason the idea does not survive easily is that, whatever t arguments36), e weak quanta are, one must, according to quite general copiously produce them in e+e-annihilation. "Copiously" means a value of R = u (e+e-+ weak quanta) 2 -1 413 7ra s which, when averaged over energy is large compared to 10.
[The contribution in the orthodox theory is the Z" resonance.] The puny contribution of R=1/4 from a pair of spinless charged quanta just doesn't have the l clout.
The message of this exercise is that if one wants composite objects to mediate the weak interaction it is difficult to restrict them to pairs of spin-zero and/or spin l/2 objects. Such constituents do not provide enough e+e-colliding beam cross section to satisfy the general constraints on R. A strongly-interacting system (bootstrap?) of W's and Z's seems to 1 be the most viable alternative left.
IV. Summary and Comments
The reader will have noticed that most of the excursions away from the orthodoxy of grand-unified SU(5) only tend to make matters worse without providing much of intrinsic benefit. Nevertheless, the "gauge-hierarchy" problems in the SU(5) scheme -namely the smallness of mw and mZ relative to the grand-unification scale, the pattern of large mass-ratios of fermions and the plethora of poorly-understood mixing angles -create a serious credibility problem for the orthodoxy. Perhaps one can have the best of both worlds by accepting SU(5) as the appropriate symmetry at the very short distance scale, along with its breaking (via the 24) into SU(3) @ SU(2) @ U(l), but by rejecting any claim of understanding the origin of quark masses and the masses of W and Z (in other words every-thing to do with the Higgs 2). This is not to say there is no "low-mass" ($1 TeV) Higgs-sector; in the gauge-theory framework the longitudinal components of W and Z at any distance-scale small compared to G1 must be elements of some kind of Higgs-system.
We only mean to plead ignorance regarding its nature. 31) This is in some ways just a restatement of the preceding arguments.
